We have used a superposed epoch analysis to examine the variation in solar wind properties observed in 1974 in a 'heliomagnetic' coordinate system tilted with respect to the solar equator. A tilt of 30 ø ___ 10 ø was found to produce the best 'organization' of these properties in such a coordinate system. The solar wind speed increased with heliomagnetic latitude, while the proton density and the proton flux density decreased. These variations are qualitatively consistent with those inferred from coronal hole and other interplanetary observations.
1978] that very large spatial variations in a solar wind parameter can lead to small variations in average values of that parameter with heliographic latitude (near the heliographic equator) if the existing spatial structure is organized in a coordinate frame tilted with respect to heliographic coordinates. This effect, along with the influence of temporal variations, offers an explanation of the inconsistencies among different searches for heliographic latitude variations in the solar wind speed.
Our purpose here is to explore in detail the resolution of one particular example of this effect. In 1974 both the corona and the solar wind displayed extremely simple structure that evolved very slowly with time. The corona was dominated by two prominent polar holes; a single large equatorward extension of each polar hole existed, spaced by 180 ø in solar longitude. Hundhausen [1978] has suggested that this coronal structure was associated with a heliomagnetic equator tilted at 30 ø to the solar equator, with the rotation of this magnetic structure and the related fast flows from the two equatorward extensions producing the two-magnetic sector, two-high-speed stream solar wind pattern observed throughout most of 1974. It is our goal here to examine more carefully the organization of the solar wind flow in such a tilted coordinate system and compare any 'hellomagnetic coordinate' system that can be thus inferred from interplanetary observations with that suggested on the basis of coronal observations.
DESCRIPTION OF THE PRESENT WORK
We will use in this study solar wind properties from the tabulation of King [1977] ; daily values have been read off of the graphs of solar wind speed, proton temperature, and proton density versus time. The top frame of Figure 1 shows the solar wind speed and magnetic polarity observed near the earth during Bartels solar rotation 1921 (January 14-February 10) in 1974. The daily values of the speed (derived from King's [1977] data) and daily inferences of the polarity [Svalgaard, 1976; King, 1977] are plotted with time running backwards, or equivalently, as a function of longitude in a coordinate system rotating with a 27-day period. The two-stream, two-sector pattern prevalent through most of 1974 is evident in this display. During this 27-day interval the earth moved from heliogra- this excursion is one of the major difEculties encountered in attempting to infer the global structure of the solar wind from ecliptic or terrestrial observations.
a. Display of Ecliptic Observations in a Tilted, Heliomagnetic Coordinate System
Let us now attempt to find a coordinate system that rotates with the Bartels period and in which the solar wind speed is, in some sense, simply organized. Following the suggestion based on coronal observations that the heliomagnetic equator is tilted at 30 ø to the solar equator during 1974, we will consider coordinate systems tilted at an angle a with respect to the rotation axis of the sun (the basis of the heliographic system) and identify the equator of the tilted system with the heliomagnetic equator. The 'organization' of observed solar wind properties will be judged on the basis of two criteria.
1. The intersections of the tilted hellomagnetic equator with the path of near-earth observations should match the observed sector boundaries. The simple tilt of the heliomagnetic coordinate system to be considered here will always yield the two-sector pattern observed in 1974. This criterion will thus serve to select the location of the two intersections of the heliomagnetic and heliographic equators, or the 'phase' (in longitude) of the two coordinate systems.
2. Following the suggestion that solar wind speed should increase with displacement from the heliomagnetic equator, we will hope to find a coordinate system in which the observed solar wind speed is a function of the latitude h in the heliomagnetic system. The crux of our study will lie in the degree to which this criterion determines the tilt angle a of our proposed heliomagnetic coordinate system. For example, the bottom frame of Figure 1 shows lines of constant hellomagnetic latitudes for a tilted coordinate system with (1) the intersections with the ecliptic chosen to reasonably match the observed sector boundaries and (2) the tilt angle arbitrarily chosen to be 30 ø .
In is the standard error of the sample mean u of the wind speed v, N is the sample size in 10 ø latitude interval. The value of u, comes from the table of t distribution under a given confidence coefficient. The method used here for estimating the confidence interval is appropriate to small samples, where the population variance is unknown. It follows that the confidence level for the displayed curve is also 95% and that the confidence intervals about the average are appreciably smaller than the trend described by the curve. It should be noted that the measurements of the solar wind speed are not completely independent unless separated in time by about 3 days or more [Gosling and Bame, 1972] ; thus some data points in each 10 ø latitude interval are also not independent, and the distribution of speed is probably not normal in each latitude interval. The distribution of sample mean of speed will tend to be normafly distributed as sample size N is increased [Edwards, 1974] ; however, some of the N are very small in the present discussion, and so the estimates here and later may be poor in Our result may differ from theirs, as it is an average over about 6 months of observations. Extrapolating these dependences back to the polar magnetic open regions or coronal holes, it could easily be imagined that the plasma velocity and proton density in polar coronal holes are not homogeneous, increasing for plasma velocity and decreasing for proton density towards the hole center. Although there is no a priori justification for extrapolating in this manner from 40 ø to the poles, these conclusions are qualitatively consistent with density observations in a coronal hole [Munro and Jackson, 1977] and support the theoretical predictions in coronal holes [Suess, 1976] and in interplanetary space [Yeh and Pneurnan, 1977] . In fact, the second-order Legendre polynomial relation vations from 1974. The interpretation of these observations in terms of variations in solar wind properties with displacement from a hellomagnetic equator is strengthened by our findings. Nonetheless, this interpretation is far from unique; many of these inferences demand further examination using additional coronal observations and, ultimately, in situ interplanetary observations from well out of the ecliptic plane.
